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Finding New Physics:

 From Earth to Sky 

• New Physics for Higgs and Hierarchy 
Problem: supersymmetry, warped extra dimension, 
clockwork, relaxion, etc.


• New Physics for Dark Matter: WIMP, FIMP, 
SIMP,  axion, new productions/detections.

• New Physics for Flavor Physics: fermion 
masses/mixing, flavor puzzles from rare decays, 
magnetic/electric dipole moments.
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Cosmic inflation
• Cosmic Inflation solves horizon, 

homogeneity, isotropy, flatness, relic 
problems, etc.

• “Slowly-rolling scalar (inflaton)” 
derives inflation and reheats 
the universe.

CMB anisotropies,

galaxies, clusters.

eN =
aend

a!
,

N ! 60.

ds2 = ! dt2 + a2(t)d!x2

e.g.  Cosmic Microwave Background homogeneous 
and isotropic at large distances

horizon 

distance

scale factor

perturbation
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Planck vs ACT

• Almost scale-invariant CMB
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slow-roll inflations

ns=0.9665±0.0038  [Planck18+BAO] 

r<0.035  [Planck18+BK18+BAO]
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r = 16! ,
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ns=0.9709±0.0038  [Planck+ACT] 

• Atacama Cosmology Telescope(2025) closer to scale invariance



Starobinsky model
• Starobinsky-like models are a best fit to Planck data.

• Starobinsky model based on “pure gravity” is dual 
to a scalar-tensor theory.
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Reheating and e-folds

Horizon 

radius

The number of e-foldings for solving the horizon problem 

is subject to the details of reheating dynamics.

ln(aH )! 1
rh !

1
2

(1 + 3w) ln a, w:  equation of state 

“Larger N” for ACT favors w>1/3 & low reheating.

[S.-M. Choi, HML (2016)]
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Pole inflation
• Singlet scalar field !  with a conformal coupling: ������

Similar predictions as in 
Starobinsky model. e.g.  Kallosh, Linde, Roest (2013)
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Pole inflation and particle 
physics



Higgs pole inflation
• Consider the Higgs field near conformal coupling:
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Unitary gauge:
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= 0

:  Pole inflation type!

[S. Clery,  HML,  A. Menkara (2023)]
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H T = (0 , h)/
!

2

Jordan-frame:

“Jordan-frame Higgs potential”
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2m ! 4! 2m h2m

Einstein-frame:
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Small Higgs quartic coupling
• Higgs quartic coupling runs with Higgs field values. ������

Standard Model:
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! H < 0 at µ ! 1011 GeV

PDG2022

Add a singlet scalar:

A small positive Higgs quartic 

coupling achieved for inflation.Up to uncertainty in top pole mass. 

[S. Clery,  HML,  A. Menkara (2023)] [S. Clery, HML, A. Menkara (2023)]



Higgs pole inflation: reheating
• Perturbative reheating from inflaton decay/scattering. ������

<latexit sha1_base64="4tikPGgJASgfBHg36k32hCBy1l0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqCcpePFYwX5AG8pmO2mXbjZxdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZK7ag3xEdS65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzH4nA66QGTGxhDLF7a2EjaiizNiESjYEb/nlVdKqVb3Lau3+olK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx+kqI8b</latexit>

m ! 2

Low reheating

But, Preheating might be also important!

[S. Clery,  HML, A. Menkara (2023)]

=> suppressed for heavy particles (t, W, Z)

[HML, A. Menkara, J.-H, Yoon, work in progress]

<latexit sha1_base64="i/T4qBLolTKNXkrgLvz0lSMD4/Y=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DpJwIvHBMwDkhBmJ73JmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7y48F18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRavlUo+AS64Ybga1YIQ19gU1/dDf1m0+oNI/kgxnH2A3pQPKAM2qsVDvrFUtu2Z2BLBMvIyXIUO0Vvzr9iCUhSsME1brtubHpplQZzgROCp1EY0zZiA6wbamkIepuOjt0Qk6s0idBpGxJQ2bq74mUhlqPQ992htQM9aI3Ff/z2okJbropl3FiULL5oiARxERk+jXpc4XMiLEllClubyVsSBVlxmZTsCF4iy8vk8Z52bsqX9YuSpXbLI48HMExnIIH11CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gB1FYy2</latexit>,

<latexit sha1_base64="QBox6AtGOjh7AhuVO/MweMAzcfo=">AAACE3icbZC7TsMwFIYdrqXcAowsERUS4lIl3BdQJRbGItGL1ESR4zqtVdsJtgOqorwDC6/CwgBCrCxsvA1umwFajmXp1/efI/v8QUyJVLb9bUxNz8zOzRcWiotLyyur5tp6XUaJQLiGIhqJZgAlpoTjmiKK4mYsMGQBxY2gdzXwG/dYSBLxW9WPscdgh5OQIKg08s3dfVefB9+Nu+TCDQVEKTtwspTtOZnbwXcjpMFR5pslu2wPy5oUTi5KIK+qb3657QglDHOFKJSy5dix8lIoFEEUZ0U3kTiGqAc7uKUlhwxLLx3ulFnbmrStMBL6cmUN6e+JFDIp+yzQnQyqrhz3BvA/r5Wo8NxLCY8ThTkaPRQm1FKRNQjIahOBkaJ9LSASRP/VQl2oU1A6xqIOwRlfeVLUD8vOafnk5rhUuczjKIBNsAV2gAPOQAVcgyqoAQQewTN4BW/Gk/FivBsfo9YpI5/ZAH/K+PwB+6Gdog==</latexit>

, w! =
m ! 1
m + 1

"
1
3

<latexit sha1_base64="qyfBmT2YgHW1ajNmHLbK3n1MRjs=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURX6tS0IUrqWAf0IQwmd62Q2eSMDMRSij4K25cKOLW73Dn3zhts9DWAxcO59zLvfeECWdKO863VVhaXlldK66XNja3tnfs3b2milNJoUFjHst2SBRwFkFDM82hnUggIuTQCofXE7/1CFKxOHrQowR8QfoR6zFKtJEC+8C7Aa4JvgsyTwosYTDGVSewy07FmQIvEjcnZZSjHthfXjemqYBIU06U6rhOov2MSM0oh3HJSxUkhA5JHzqGRkSA8rPp+WN8bJQu7sXSVKTxVP09kRGh1EiEplMQPVDz3kT8z+ukunflZyxKUg0RnS3qpRzrGE+ywF0mgWo+MoRQycytmA6IJFSbxEomBHf+5UXSPK24F5Xz+7NyrZrHUUSH6AidIBddohq6RXXUQBRl6Bm9ojfryXqx3q2PWWvBymf20R9Ynz/DPpS2</latexit>

! Nreh > 0
favored for ACT

<latexit sha1_base64="jU3I5rOv+wPAnijWC7T18+lnciM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr5MUvHisYG2hCWWz3aZLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzXiLJTLRnZAaLoXiLRQoeSfVnMah5O1wdDv1209cG5GoBxynPIhppMRAMIpWavuhiCJ/0qvW3Lo7A1kmXkFqUKDZq375/YRlMVfIJDWm67kpBjnVKJjkk4qfGZ5SNqIR71qqaMxNkM/OnZATq/TJING2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XjfDwXWQC5VmyBWbLxpkkmBCpr+TvtCcoRxbQpkW9lbChlRThjahig3BW3x5mTye1b3L+sX9ea1xU8RRhiM4hlPw4AoacAdNaAGDETzDK7w5qfPivDsf89aSU8wcwh84nz9Yc4+U</latexit>!



Peccei-Quinn pole inflation
������

• Consider a complex singlet scalar field with PQ charge: 
“radial mode” => inflaton,  “angular mode” => axion

PQ symmetry No PQ

PQ inflation
Axion kinetic 
misalignment

[HML,  A. Menkara, M-J, Seung, J-H, Song (2023, 2024)]

Conformal coupling to gravity

<latexit sha1_base64="Okc5CnwXjhucsN+wJcrMAgOG7MU="></latexit>

f a = ( m2
! M 2m ! 4

P / ! m )1/ (2m ! 2)

Similar results for KSVZ or DFSZ models
<latexit sha1_base64="v2T0OAaIvwG6jzvnC6MrJekiBgk=">AAACEXicbVDJSgNBEO1xjXGLevQyGIQcJMwEt4sS8OIxglkgE0NPpybTpGexu0YIw/yCF3/FiwdFvHrz5t/YWQ6a+KDg8V4VVfXcWHCFlvVtLCwuLa+s5tby6xubW9uFnd2GihLJoM4iEcmWSxUIHkIdOQpoxRJo4ApouoOrkd98AKl4FN7iMIZOQPsh9zijqKVuoeTUfH7heJKy1M5SR91LTCtZ5sQ+d47gLuUO+oA06xaKVtkaw5wn9pQUyRS1buHL6UUsCSBEJqhSbduKsZNSiZwJyPJOoiCmbED70NY0pAGoTjr+KDMPtdIzvUjqCtEcq78nUhooNQxc3RlQ9NWsNxL/89oJeuedlIdxghCyySIvESZG5iges8clMBRDTSiTXN9qMp/qdFCHmNch2LMvz5NGpWyflk9ujovVy2kcObJPDkiJ2OSMVMk1qZE6YeSRPJNX8mY8GS/Gu/ExaV0wpjN75A+Mzx+Pjp4f</latexit>

! =
1

!
2

! ei !



PQ field dynamics
��������<latexit sha1_base64="0DL/E54Rn0Wgd27vbGgKv5ikgeo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuKeqxKILHCvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H45uZ336iSrNIPphJTH2Bh5KFjGBjpcdW/7bci0fsvF8suRV3DrRKvIyUIEOjX/zqDSKSCCoN4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWSiyo9tP5wVN0ZpUBCiNlSxo0V39PpFhoPRGB7RTYjPSyNxP/87qJCa/8lMk4MVSSxaIw4chEaPY9GjBFieETSzBRzN6KyAgrTIzNqGBD8JZfXiWtasW7qFTva6X6dRZHHk7gFMrgwSXU4Q4a0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/Njo/D</latexit>

VE (! )

<latexit sha1_base64="7Gy0ZW49+Byo51YNunpyloqX7L8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOuk26l6z3ni4qrVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEV0o5G</latexit>

!

<latexit sha1_base64="YDk9KOxKSZZr6f3RN+UbvpB3WS4=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr5MEvHiMYB6Q3YTZyWwyZHZ2mJlVwpL/8OJBEa/+izf/xkmyB00saCiquunuCiVn2rjut1NYWV1b3yhulra2d3b3yvsHTZ2kitAGSXii2iHWlDNBG4YZTttSURyHnLbC0e3Ubz1SpVkiHsxY0iDGA8EiRrCxUteXKpEmQb4csu55r1xxq+4MaJl4OalAjnqv/OX3E5LGVBjCsdYdz5UmyLAyjHA6KfmpphKTER7QjqUCx1QH2ezqCTqxSh9FibIlDJqpvycyHGs9jkPbGWMz1IveVPzP66Qmug4yJmRqqCDzRVHKkf1zGgHqM0WJ4WNLMFHM3orIECtMjA2qZEPwFl9eJs2zqndZvbg/r9Ru8jiKcATHcAoeXEEN7qAODSCg4Ble4c15cl6cd+dj3lpw8plD+APn8wdDXJJb</latexit>

! ! 4

<latexit sha1_base64="eDQgKbUjDYizyVP/HOpi6lrx3i8=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6yQBLx4jmAdkN2F2MpsMmZ0dZmaVsOQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7QsmZNq777aysrq1vbBa2its7u3v7pYPDpk5SRWiDJDxR7RBrypmgDcMMp22pKI5DTlvh6Hbqtx6p0iwRD2YsaRDjgWARI9hYqetLlUiTIF8OWbfaK5XdijsDWiZeTsqQo94rffn9hKQxFYZwrHXHc6UJMqwMI5xOin6qqcRkhAe0Y6nAMdVBNrt6gk6t0kdRomwJg2bq74kMx1qP49B2xtgM9aI3Ff/zOqmJroOMCZkaKsh8UZRyZP+cRoD6TFFi+NgSTBSztyIyxAoTY4Mq2hC8xZeXSbNa8S4rF/fn5dpNHkcBjuEEzsCDK6jBHdShAQQUPMMrvDlPzovz7nzMW1ecfOYI/sD5/AFAVJJZ</latexit>

! ! 2

<latexit sha1_base64="5VdFk1zdxYMtOmbpKMXd26OjxjQ=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr5UU3LisYB/QDiWTZtrYTBKSjFCG/oMbF4q49X/c+Tem7Sy09cCFwzn3cu89keLMWN//9gorq2vrG8XN0tb2zu5eef+gaWSqCW0QyaVuR9hQzgRtWGY5bStNcRJx2opGt1O/9US1YVI82LGiYYIHgsWMYOukZlcNWY/0yhW/6s+AlkmQkwrkqPfKX92+JGlChSUcG9MJfGXDDGvLCKeTUjc1VGEywgPacVTghJowm107QSdO6aNYalfCopn6eyLDiTHjJHKdCbZDs+hNxf+8Tmrj6zBjQqWWCjJfFKccWYmmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyrBpfVi/vzSu0mj6MIR3AMpxDAFdTgDurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwCJGo8b</latexit>

! c
<latexit sha1_base64="Q6XfNo4iBBityXMThUAFpeoDvSk=">AAAB9XicbVDLSsNAFJ34rPVVdelmsAiuSiK+VlJw47KCfUATy2Ry0w6dmYSZiVJC/8ONC0Xc+i/u/BunbRbaeuDC4Zx7ufeeMOVMG9f9dpaWV1bX1ksb5c2t7Z3dyt5+SyeZotCkCU9UJyQaOJPQNMxw6KQKiAg5tMPhzcRvP4LSLJH3ZpRCIEhfsphRYqz04KcD1st9JTDIaNyrVN2aOwVeJF5BqqhAo1f58qOEZgKkoZxo3fXc1AQ5UYZRDuOyn2lICR2SPnQtlUSADvLp1WN8bJUIx4myJQ2eqr8nciK0HonQdgpiBnrem4j/ed3MxFdBzmSaGZB0tijOODYJnkSAI6aAGj6yhFDF7K2YDogi1NigyjYEb/7lRdI6rXkXtfO7s2r9uoijhA7RETpBHrpEdXSLGqiJKFLoGb2iN+fJeXHenY9Z65JTzBygP3A+fwCWMJKS</latexit>

! end

w=1/3w=0

✴︎

✴︎

Early reheatingDelayed 
reheating <latexit sha1_base64="l2a+Mg2Zu2OxSNFxS48/7DI5w4s=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXJUZ8bUqBTddVukL2nHIpJk2NMkMSUYow2z8FTcuFHHrZ7jzb0zbQbT1wIWTc+4l954gZlRpx/mylpZXVtfWCxvFza3tnV17b7+lokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6mfjtByIVjURDj2PicTQQNKQYaSP59mHDT3uSw7taVmnc45+Hb5ecsjMFXCRuTkogR923P3v9CCecCI0ZUqrrOrH2UiQ1xYxkxV6iSIzwCA1I11CBOFFeOj0ggydG6cMwkqaEhlP190SKuFJjHphOjvRQzXsT8T+vm+jw2kupiBNNBJ59FCYM6ghO0oB9KgnWbGwIwpKaXSEeIomwNpkVTQju/MmLpHVWdi/LF7fnpWolj6MAjsAxOAUuuAJVUAN10AQYZOAJvIBX69F6tt6s91nrkpXPHIA/sD6+AbQRldY=</latexit>

TRH > T c
RH

<latexit sha1_base64="2VpIDgUxOl6Upbyl+tcE0czWQvQ=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXJUZ8bUQKbjpskpf0I5DJs20oUlmSDJCGWbjr7hxoYhbP8Odf2PaDqKtBy6cnHMvufcEMaNKO86XtbC4tLyyWlgrrm9sbm3bO7tNFSUSkwaOWCTbAVKEUUEammpG2rEkiAeMtILhzdhvPRCpaCTqehQTj6O+oCHFSBvJt/frftqVHN5Vs6v6Pf55+HbJKTsTwHni5qQEctR8+7Pbi3DCidCYIaU6rhNrL0VSU8xIVuwmisQID1GfdAwViBPlpZMDMnhklB4MI2lKaDhRf0+kiCs14oHp5EgP1Kw3Fv/zOokOL72UijjRRODpR2HCoI7gOA3Yo5JgzUaGICyp2RXiAZIIa5NZ0YTgzp48T5onZfe8fHZ7Wqpc53EUwAE4BMfABRegAqqgBhoAgww8gRfwaj1az9ab9T5tXbDymT3wB9bHN7DxldQ=</latexit>

TRH < T c
RH

radial mode dominant



Axion misalignment

x

��������

• Axion abundance for dark matter is determined by the 
initial misalignment before QCD phase transition.

“Axion misalignment mechanism”
<latexit sha1_base64="63KeQoHVz+eu8IGYta5WlTXMcyU=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKez6PknAS44RzAOyS5idzCZDZmbXmVkhLPkNLx4U8erPePNvnCR70MSChqKqm+6uMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4upv67SeqNIvlgxknNBB4IFnECDZW8kUP+5oJ+ojO671yxa26M6Bl4uWkAjkavfKX349JKqg0hGOtu56bmCDDyjDC6aTkp5ommIzwgHYtlVhQHWSzmyfoxCp9FMXKljRopv6eyLDQeixC2ymwGepFbyr+53VTE90EGZNJaqgk80VRypGJ0TQA1GeKEsPHlmCimL0VkSFWmBgbU8mG4C2+vExaZ1Xvqnp5f1Gp3eZxFOEIjuEUPLiGGtShAU0gkMAzvMKbkzovzrvzMW8tOPnMIfyB8/kDWGeROw==</latexit>

ma ! 3H : coherent oscillation

Axion abundance:
<latexit sha1_base64="+xG6WEO2MtT6BMyTfV+4DXEkjpw="></latexit>

! ah2 =
! a(aini )
! c/h 2

ma(0)
ma(Tosc)

!
gs! (T0)

gs! (Tosc)

" 1/ 3!
T0

Tosc

" 3

<latexit sha1_base64="TuIEqOXbjjr9MWZRqHxDfXSc66E="></latexit>

! 0.12
!

f a

9 " 1011 GeV

" 1.165!
aini

f a

" 2

<latexit sha1_base64="F0MoB4oBMeaIk+5d/sn+Dqjga78=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr5MEvHiMYExgs4TZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnApuwfe/vdLK6tr6RnmzsrW9s7tX3T94tDozlLWoFtp0YmKZ4Iq1gINgndQwImPB2vHoduq3n5ixXKsHGKcskmSgeMIpASeFpJd3jcRc8UmvWvPr/gx4mQQFqaECzV71q9vXNJNMARXE2jDwU4hyYoBTwSaVbmZZSuiIDFjoqCKS2SifnTzBJ07p40QbVwrwTP09kRNp7VjGrlMSGNpFbyr+54UZJNdRzlWaAVN0vijJBAaNp//jPjeMghg7Qqjh7lZMh8QQCi6ligshWHx5mTye1YPL+sX9ea1xU8RRRkfoGJ2iAF2hBrpDTdRCFGn0jF7Rmwfei/fufcxbS14xc4j+wPv8AUc1kUE=</latexit>aini

Axion window:

Axion cold dark matter

<latexit sha1_base64="oJ1KqkAPaJLhPS606//rGp2zXco=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXEhJipcuihRc6LKCvUATy2Q6aYfOJGFmIpSQN3Djq7hxoYhbt+58G6dtFrX1h4Gf75zDmfN7EaNSWdaPkVtaXlldy68XNja3tnfM3b2mDGOBSQOHLBRtD0nCaEAaiipG2pEgiHuMtLzh9bjeeiRC0jC4V6OIuBz1A+pTjJRGXfPYth4qzmniCA5vSDOt+l1U1Syxy+kM7ppFq2RNBBeNnZkiyFTvmt9OL8QxJ4HCDEnZsa1IuQkSimJG0oITSxIhPER90tE2QJxIN5nck8IjTXrQD4V+gYITOjuRIC7liHu6kyM1kPO1Mfyv1omVX3ETGkSxIgGeLvJjBlUIx+HAHhUEKzbSBmFB9V8hHiCBsNIRFnQI9vzJi6ZZLtkXpfO7s2LtKosjDw7AITgBNrgENXAL6qABMHgCL+ANvBvPxqvxYXxOW3NGNrMP/sj4+gW1MpqW</latexit>

108 GeV < f a < 1012 GeV

Supernova Relic density

[Preskill et al; Abbott et al; 

Dine et al (1983)]



Axion velocity vs relic density
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<latexit sha1_base64="2BdH1sB/PxKYa0acmi9GKsRrXCw=">AAACA3icbVDLSsNAFJ3UV62vqjvdDBbBRSmJ+FqIFNy4rGBbSxPCZDpph84kYeZGKKHgxl9x40IRt/6EO//G6WOhrQcuHM65l3vvCRLBNdj2t5VbWFxaXsmvFtbWNza3its7DR2nirI6jUWs7gOimeARqwMHwe4TxYgMBGsG/euR33xgSvM4uoNBwjxJuhEPOSVgJL+41/Jd6DEgly0/I2W3nLlKYsn1cOgXS3bFHgPPE2dKSmiKml/8cjsxTSWLgAqidduxE/AyooBTwYYFN9UsIbRPuqxtaEQk0142/mGID43SwWGsTEWAx+rviYxIrQcyMJ2SQE/PeiPxP6+dQnjhZTxKUmARnSwKU4EhxqNAcIcrRkEMDCFUcXMrpj2iCAUTW8GE4My+PE8axxXnrHJ6e1KqXk3jyKN9dICOkIPOURXdoBqqI4oe0TN6RW/Wk/VivVsfk9acNZ3ZRX9gff4AksSXfA==</latexit>

Y! < Ya, mis

<latexit sha1_base64="gzEWHavXyLazUs8pzKtC16WsfyQ="></latexit>

! ! !
M 2

P

2V 2
E

!
" VE

"#

" 2

w=0

w=1/3

<latexit sha1_base64="dplNpBIZsMtlj/EITV5PhhrHZRI="></latexit>

! Ne! = 0 .024! 0.025

<latexit sha1_base64="CYdtXLW4pwEm453sWRE8e2kwEKE=">AAACHHicbVDLSgMxFM3UV62vqks3wSLUTZnxvVEENy6r9CWdMmTSTBuayQzJHaEM/RA3/oobF4q4cSH4N6Z1Ftp6IHDuOfdyc48fC67Btr+s3Nz8wuJSfrmwsrq2vlHc3GroKFGU1WkkItXyiWaCS1YHDoK1YsVI6AvW9AdXY795z5TmkazBMGadkPQkDzglYCSveHjnudBnQM7dQBGayqws17zUVSG+vR7tj1L9p/SKJbtiT4BniZOREspQ9YofbjeiScgkUEG0bjt2DJ2UKOBUsFHBTTSLCR2QHmsbKknIdCedHDfCe0bp4iBS5knAE/X3REpCrYehbzpDAn097Y3F/7x2AsFZJ+UyToBJ+rMoSASGCI+Twl2uGAUxNIRQxc1fMe0TExKYPAsmBGf65FnSOKg4J5Xjm6PS5UUWRx7toF1URg46RZfoGlVRHVH0gJ7QC3q1Hq1n6816/2nNWdnMNvoD6/Mbcsmhkg==</latexit>

Y! =
n! (TRH )
s(TRH )

Axion velocity at inflation Axion abundance at present

[HML,  A. Menkara, M-J, Seung, J-H, Song (2023)]
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<latexit sha1_base64="2BdH1sB/PxKYa0acmi9GKsRrXCw=">AAACA3icbVDLSsNAFJ3UV62vqjvdDBbBRSmJ+FqIFNy4rGBbSxPCZDpph84kYeZGKKHgxl9x40IRt/6EO//G6WOhrQcuHM65l3vvCRLBNdj2t5VbWFxaXsmvFtbWNza3its7DR2nirI6jUWs7gOimeARqwMHwe4TxYgMBGsG/euR33xgSvM4uoNBwjxJuhEPOSVgJL+41/Jd6DEgly0/I2W3nLlKYsn1cOgXS3bFHgPPE2dKSmiKml/8cjsxTSWLgAqidduxE/AyooBTwYYFN9UsIbRPuqxtaEQk0142/mGID43SwWGsTEWAx+rviYxIrQcyMJ2SQE/PeiPxP6+dQnjhZTxKUmARnSwKU4EhxqNAcIcrRkEMDCFUcXMrpj2iCAUTW8GE4My+PE8axxXnrHJ6e1KqXk3jyKN9dICOkIPOURXdoBqqI4oe0TN6RW/Wk/VivVsfk9acNZ3ZRX9gff4AksSXfA==</latexit>

Y! < Ya, mis

<latexit sha1_base64="dplNpBIZsMtlj/EITV5PhhrHZRI="></latexit>

! Ne! = 0 .024! 0.025

<latexit sha1_base64="Grffi3QtogSJe1Ibzt21+Dih1hU=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaT42ghFNy4r2Ae0MUymk3boZBJmboQSunDjr7hxoYhbP8Kdf+O0zUJbDwwczrmHO/cEieAaHOfbWlpeWV1bL2wUN7e2d3btvf2mjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgrWB4PfFbD0xpHss7GCXMi0hf8pBTAkby7ZL0uzBgQC7D+6pPcNbtxTBTxr5ddirOFHiRuDkpoxx13/4yaZpGTAIVROuO6yTgZUQBp4KNi91Us4TQIemzjqGSREx72fSIMT4ySg+HsTJPAp6qvxMZibQeRYGZjAgM9Lw3Ef/zOimEF17GZZICk3S2KEwFhhhPGsE9rhgFMTKEUMXNXzEdEEUomN6KpgR3/uRF0qxW3LPK6e1JuXaV11FAJXSIjpGLzlEN3aA6aiCKHtEzekVv1pP1Yr1bH7PRJSvPHKA/sD5/AKuhmCI=</latexit>

n! = f 2
a

ú!



x

��

New axion 
window

Old axion 
window

New axion DM window��������



Pole inflation in Weyl gravity



Pole inflation in Weyl gravity
• With local  Weyl symmetry and global SO(1,1): ��������

<latexit sha1_base64="pPGDridQLPHHceO57XgxapPEuxI="></latexit>

+
1
2

a(Dµ ! )2 !
1
2

a(Dµ " )2 !
1
4

wµ! wµ! ! V (! , " )

<latexit sha1_base64="11ZBtlft2f1MB6Qmzr04qhvEZRc="></latexit>

L J!
" gJ

= (1 + a)
!

"
1
12

(! 2 " " 2)R "
1
2

(#µ ! )2 +
1
2

(#µ " )2
"

<latexit sha1_base64="rTBaeprs4KyUENRmcmxNHAJ3zKY=">AAACHnicbZDLSsNAFIYn9VbrrerSzWARUtCaBKtulIIgLivYCzRpmUyn7dDJhZmJUEKfxI2v4saFIoIrfRunTQRtPTDw8f/ncOb8bsiokIbxpWUWFpeWV7KrubX1jc2t/PZOXQQRx6SGAxbwposEYdQnNUklI82QE+S5jDTc4dXEb9wTLmjg38lRSBwP9X3aoxhJJXXy5bpu4wE9tAXte6h4ca0n1LaOJ3rbKkI9gaMfo9i2OvmCUTKmBefBTKEA0qp28h92N8CRR3yJGRKiZRqhdGLEJcWMjHN2JEiI8BD1SUuhjzwinHh63hgeKKULewFXz5dwqv6eiJEnxMhzVaeH5EDMehPxP68Vyd65E1M/jCTxcbKoFzEoAzjJCnYpJ1iykQKEOVV/hXiAOMJSJZpTIZizJ89D3SqZp6Xy7UmhcpnGkQV7YB/owARnoAJuQBXUAAYP4Am8gFftUXvW3rT3pDWjpTO74E9pn98e2p/+</latexit>

V (! , " ) = F (" 2/ ! 2)( ! 2 ! " 2)2

<latexit sha1_base64="5wuDXm7rcoQJ5SC1bStUudRkB8g=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0GIoGFXfFUSsLGMYB6QXcPdyWwyZPbBzKwalvyCjb9iY6GIrZ2df+Mk2UITDwwczjmXO/d4MWdSWda3kZubX1hcyi8XVlbX1jfMza26jBJBaI1EPBJNDyTlLKQ1xRSnzVhQCDxOG17/cuQ37qiQLApv1CCmbgDdkPmMgNJS2yw5knUDcATr9hQIEd1jepseOsDjHpQe9od4Ejhom0WrbI2BZ4mdkSLKUG2bX04nIklAQ0U4SNmyrVi5KQjFCKfDgpNIGgPpQ5e2NA0hoNJNxxcN8Z5WOtiPhH6hwmP190QKgZSDwNPJAFRPTnsj8T+vlSj/3E1ZGCeKhmSyyE84VhEe1YM7TFCi+EATIILpv2LSAwFE6RILugR7+uRZUj8q26flk+vjYuUiqyOPdtAuKiEbnaEKukJVVEMEPaJn9IrejCfjxXg3PibRnJHNbKM/MD5/ADyMnT8=</latexit>

! ! e! ! (x ) ! ,

<latexit sha1_base64="BRDaVsx+UhmeBwEi1stDzuCj0sg=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKEkotWNUnDjsoK9QFPKZHrSDp1M4sxEKCHP4MZXceNCEbeu3Pk2Ti8Lbf1h4OM/53Dm/H7MmdKO823lFhaXllfyq4W19Y3NLXt7p66iRFKo0YhHsukTBZwJqGmmOTRjCST0OTT8wfWo3ngAqVgk7vQwhnZIeoIFjBJtrI595HEiehywR/vMkxO+9NS91KkXSELTcpa6xyTLOnbRKTlj4Xlwp1BEU1U79pfXjWgSgtCUE6VarhPrdkqkZpRDVvASBTGhA9KDlkFBQlDtdHxShg+M08VBJM0TGo/d3xMpCZUahr7pDInuq9nayPyv1kp0cNFOmYgTDYJOFgUJxzrCo3xwl0mgmg8NECqZ+SumfWKC0CbFggnBnT15HuonJbdcOrs9LVaupnHk0R7aR4fIReeogm5QFdUQRY/oGb2iN+vJerHerY9Ja86azuyiP7I+fwBt5J31</latexit>

! ! " =

!
6

1 + a
Gauge fixing:

Generation of Planck 
scale & Weyl photon mass

SO(1,1) breaking:  slow-roll inflation

<latexit sha1_base64="i/T4qBLolTKNXkrgLvz0lSMD4/Y=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DpJwIvHBMwDkhBmJ73JmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7y48F18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRavlUo+AS64Ybga1YIQ19gU1/dDf1m0+oNI/kgxnH2A3pQPKAM2qsVDvrFUtu2Z2BLBMvIyXIUO0Vvzr9iCUhSsME1brtubHpplQZzgROCp1EY0zZiA6wbamkIepuOjt0Qk6s0idBpGxJQ2bq74mUhlqPQ992htQM9aI3Ff/z2okJbropl3FiULL5oiARxERk+jXpc4XMiLEllClubyVsSBVlxmZTsCF4iy8vk8Z52bsqX9YuSpXbLI48HMExnIIH11CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gB1FYy2</latexit>,

Weyl transform:

<latexit sha1_base64="4v0Iw8PaKpOVG2qfqtCDuYmGcRE="></latexit>

F (! 2/ " 2) =
#n

! " 4"

!
!
"

" n

[HML(2024)]
<latexit sha1_base64="V68fl8VIZQdRfFbbkh+FTQqOi2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nELzxIwYvHCqYttKFsttt26WYTdidCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphIYdB1v53Cyura+kZxs7S1vbO7V94/aJg41Yz7LJaxboXUcCkU91Gg5K1EcxqFkjfD0d3Ubz5xbUSsHnGc8CCiAyX6glG0kt9hQ3HTLVfcqjsDWSZeTiqQo94tf3V6MUsjrpBJakzbcxMMMqpRMMknpU5qeELZiA5421JFI26CbHbshJxYpUf6sbalkMzU3xMZjYwZR6HtjCgOzaI3Ff/z2in2r4NMqCRFrth8UT+VBGMy/Zz0hOYM5dgSyrSwtxI2pJoytPmUbAje4svLpHFW9S6rFw/nldptHkcRjuAYTsGDK6jBPdTBBwYCnuEV3hzlvDjvzse8teDkM4fwB87nD4Aojnw=</latexit>! : <latexit sha1_base64="E2kzIwehYH8Q87tf0rz8N7jP9RM=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPihgcJePEYwSyQDKGn05O06WXo7lHCkH/w4kERr/6PN//GznLQxAcFj/eqqKoXJZwZ6/vfXm5peWV1Lb9e2Njc2t4p7u7VjUo1oTWiuNLNCBvKmaQ1yyynzURTLCJOG9HgZuw3Hqk2TMl7O0xoKHBPspgRbJ1Uf+q0RXrVKZb8sj8BWiTBjJRghmqn+NXuKpIKKi3h2JhW4Cc2zLC2jHA6KrRTQxNMBrhHW45KLKgJs8m1I3TklC6KlXYlLZqovycyLIwZish1Cmz7Zt4bi/95rdTGl2HGZJJaKsl0UZxyZBUav466TFNi+dARTDRztyLSxxoT6wIquBCC+ZcXSf2kHJyXz+5OS5XrWRx5OIBDOIYALqACt1CFGhB4gGd4hTdPeS/eu/cxbc15s5l9+APv8wdvk48K</latexit>wµ :dilaton, Weyl gauge field



Generalized pole inflation
• Gauge-fixed Lagrangian in Einstein frame: ��������

<latexit sha1_base64="FBUXp0VLe7UhM7BV+H0nHOalCi0="></latexit>

VE (! ) = F (! 2/ ! " 2") = #n ! n , #n =
$n

! " n "
<latexit sha1_base64="hr5Q6hL4FlG/XdC0/QrCMYqIao8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKfFyUgBePEc0DkiXMTjrJkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDv1m0+oNI/koxnH6Id0IHmfM2qs9CCvK91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOCt7F+Xz+0qpepPFkYcjOIZT8OASqnAHNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8fz1ONfQ==</latexit>

n = 4 Pole inflation and Weyl photon mass:

<latexit sha1_base64="E4zacTUWu8p/5AmfcWmg3prh6z4="></latexit>

L E!
" gE

= "
1
2

R +
1
2

(! µ " )2

!
1 " 1

6 (1 + a)" 2
"2 " VE (" ) "

1
4

#wµ! #wµ! +
1
2

m2
w #wµ #wµ ,

redefined field

General isometry SO(1,N): 

N=4: Higgs pole inflation,

[HML(2024)]
N=2: PQ pole inflation.

<latexit sha1_base64="awBJ0ya1JS2iH3YvJVCrCzuL9Ww=">AAACG3icbVDLSgMxFM34rPVVdekmWAQXQ5kpvjZKwY0rqWAf0Cklk6bT0EwyJHeUUvofbvwVNy4UcSW48G9MHwttPZcLh3PuJbknTAQ34HnfzsLi0vLKamYtu76xubWd29mtGpVqyipUCaXrITFMcMkqwEGweqIZiUPBamHvauTX7pk2XMk76CesGZNI8g6nBKzUyhUDw6OY4EAoGWkedYForR5wkHR5i7uBLX7hu0U3oG0FxsU3biuX9wreGHie+FOSR1OUW7nPoK1oGjMJVBBjGr6XQHNANHAq2DAbpIYlhPZIxBqWShIz0xyMbxviQ6u0cUdp2xLwWP29MSCxMf04tJMxga6Z9Ubif14jhc55c8BlkgKTdPJQJxUYFB4FhdtcMwqibwmhmtu/YtolmlCwcWZtCP7syfOkWiz4p4WT2+N86XIaRwbtowN0hHx0hkroGpVRBVH0iJ7RK3pznpwX5935mIwuONOdPfQHztcPujif6A==</latexit>

! !" " i , i = 1 , 2, á á á, N,

<latexit sha1_base64="LRTgtadWNKRXCoS7qRLbuFl/3LE=">AAACCHicbVBLSwMxGMz6rPVV9ejBYBEEoewWrV6UghcvQgX7gHYt2TTbhibZJckqZdmjF/+KFw+KePUnePPfmG33oK0DgcnMfCTfeCGjStv2tzU3v7C4tJxbya+urW9sFra2GyqIJCZ1HLBAtjykCKOC1DXVjLRCSRD3GGl6w8vUb94TqWggbvUoJC5HfUF9ipE2Urewx+/K3Yfzji8Rjiuon96S2DlCCbw2vNYtFO2SPQacJU5GiiCDyX91egGOOBEaM6RU27FD7cZIaooZSfKdSJEQ4SHqk7ahAnGi3Hi8SAIPjNKDfiDNERqO1d8TMeJKjbhnkhzpgZr2UvE/rx1p/8yNqQgjTQSePORHDOoApq3AHpUEazYyBGFJzV8hHiDTiTbd5U0JzvTKs6RRLjmV0snNcbF6kdWRA7tgHxwCB5yCKrgCNVAHGDyCZ/AK3qwn68V6tz4m0Tkrm9kBf2B9/gD9KZis</latexit>

m2
w =

6ag2
w

1 + a
M 2

P

<latexit sha1_base64="cq3vzbGIHRaANnN/lUWT9OUk4Bc=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahopSk+FpJwY0rqWAf0MQymU7aoZNJnJkIJWTjxl9x40IRt/6DO//GaZuFth64cDjnXu69x4sYlcqyvo3c3PzC4lJ+ubCyura+YW5uNWQYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDS5HfvOBCElDfquGEXED1OPUpxgpLXXMXeFIGpB76PgC4cSupEnJPkQH13eV9KhjFq2yNQacJXZGiiBDrWN+Od0QxwHhCjMkZdu2IuUmSCiKGUkLTixJhPAA9UhbU44CIt1k/EUK97XShX4odHEFx+rviQQFUg4DT3cGSPXltDcS//PasfLP3YTyKFaE48kiP2ZQhXAUCexSQbBiQ00QFlTfCnEf6TiUDq6gQ7CnX54ljUrZPi2f3BwXqxdZHHmwA/ZACdjgDFTBFaiBOsDgETyDV/BmPBkvxrvxMWnNGdnMNvgD4/MHa5GXOQ==</latexit>

r !
12

(1 + a)N 2 ,
<latexit sha1_base64="arIPC4zN/EwQS/N547K5wNj4MUU=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJiq+VFNy4kgr2AU0ok+mkHToziTMToYS48VfcuFDErX/hzr9x2mah1QMXDufcy733BDGjSjvOl1WYm19YXCoul1ZW19Y37M2tpooSiUkDRyyS7QApwqggDU01I+1YEsQDRlrB8HLst+6JVDQSt3oUE5+jvqAhxUgbqWvviK7yFOXkDrpHXigRTqtZep0ddu2yU3EmgH+Jm5MyyFHv2p9eL8IJJ0JjhpTquE6s/RRJTTEjWclLFIkRHqI+6RgqECfKTycfZHDfKD0YRtKU0HCi/pxIEVdqxAPTyZEeqFlvLP7ndRIdnvspFXGiicDTRWHCoI7gOA7Yo5JgzUaGICypuRXiATIxaBNayYTgzr78lzSrFfe0cnJzXK5d5HEUwS7YAwfABWegBq5AHTQABg/gCbyAV+vRerberPdpa8HKZ7bBL1gf37x+lm4=</latexit>

ns ! 1 "
2
N

,

<latexit sha1_base64="Z7r5hAGhrtM95gr2aRVdyA2CwuM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr5MUvHisYG2hCWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzXiLJTLRnZAaLoXiLRQoeSfVnMah5O1wdDv1209cG5GoBxynPIjpQIlIMIpWavuhGAz8vFetuXV3BrJMvILUoECzV/3y+wnLYq6QSWpM13NTDHKqUTDJJxU/MzylbEQHvGupojE3QT47d0JOrNInUaJtKSQz9fdETmNjxnFoO2OKQ7PoTcX/vG6G0XWQC5VmyBWbL4oySTAh099JX2jOUI4toUwLeythQ6opQ5tQxYbgLb68TB7P6t5l/eL+vNa4KeIowxEcwyl4cAUNuIMmtIDBCJ7hFd6c1Hlx3p2PeWvJKWYO4Q+czx9Va4+S</latexit>!



Weyl photon dark matter
• Gravitational production of  Weyl photons by SM-SM 

scattering or inflaton scattering during reheating.

��������

<latexit sha1_base64="gh/0lbsB5AgfadVhcm/5k5XivOY=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJxNdKCm7cCBXsA5oQJtPbduhMEmcmSgnZ+CtuXCji1s9w5984fSy09cCFwzn3cu89YcKZ0o7zbc3NLywuLRdWiqtr6xub9tZ2XcWppFCjMY9lMyQKOIugppnm0EwkEBFyaIT9q6HfeACpWBzd6UECviDdiHUYJdpIgb0rgkdPMQH32HW8o8yTAt9APQ/sklN2RsCzxJ2QEpqgGthfXjumqYBIU06UarlOov2MSM0oh7zopQoSQvukCy1DIyJA+dnogRwfGKWNO7E0FWk8Un9PZEQoNRCh6RRE99S0NxT/81qp7lz4GYuSVENEx4s6Kcc6xsM0cJtJoJoPDCFUMnMrpj0iCdUms6IJwZ1+eZbUj8vuWfn09qRUuZzEUUB7aB8dIhedowq6RlVUQxTl6Bm9ojfryXqx3q2PceucNZnZQX9gff4AiQGVuQ==</latexit>

mw ! 10 MeV

<latexit sha1_base64="TY0ocrMqB+YARuhy38fIrj9B1+0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVq56k4KXHKv3CdinZNNuGJtklyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrW9sbuW3Czu7e/sHxcOjlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+G7mt5+o0iySDTOJqS/wULKQEWys9Njopz0l0ENt2i+W3LI7B1olXkZKkKHeL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84ik6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhDd+ymScGCrJYlGYcGQiNHsfDZiixPCJJZgoZm9FZIQVJsaGVLAheMsvr5LWRdm7KlfuL0vV2yyOPJzAKZyDB9dQhRrUoQkEJDzDK7w52nlx3p2PRWvOyWaO4Q+czx8ORZCE</latexit>

TRH

<latexit sha1_base64="Oq/OAzmCDK0H8OtfRpIqeYY4WYw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidpKAF48RzQLJEHo6PUmTXobuHiUM+QQvHhTx6hd582/sJHPQ6IOCx3tVVNWLEs6M9f0vr7C0vLK6VlwvbWxube+Ud/eaRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0PfVbD1QbpuS9HSc0FHggWcwItk66E73HXrniV/0Z0F8S5KQCOeq98me3r0gqqLSEY2M6gZ/YMMPaMsLppNRNDU0wGeEB7TgqsaAmzGanTtCRU/ooVtqVtGim/pzIsDBmLCLXKbAdmkVvKv7ndVIbX4YZk0lqqSTzRXHKkVVo+jfqM02J5WNHMNHM3YrIEGtMrEun5EIIFl/+S5on1eC8enZ7Wqld5XEU4QAO4RgCuIAa3EAdGkBgAE/wAq8e9569N+993lrw8pl9+AXv4xtnEo3h</latexit>mw
[HML(2024)]

<latexit sha1_base64="gaYPxLGNJXgXFmDfdeuhz13Denc=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidpKAF48RzIKZIfR0OkmT7p6hFyEM+QsvHhTx6t9482/sJHPQxAcFj/eqqKoXp5xp4/vfXmFldW19o7hZ2tre2d0r7x80dWIVoQ2S8ES1Y6wpZ5I2DDOctlNFsYg5bcWj26nfeqJKs0Q+mHFKI4EHkvUZwcZJj8NuFgobSjvplit+1Z8BLZMgJxXIUe+Wv8JeQqyg0hCOte4EfmqiDCvDCKeTUmg1TTEZ4QHtOCqxoDrKZhdP0IlTeqifKFfSoJn6eyLDQuuxiF2nwGaoF72p+J/XsaZ/HWVMptZQSeaL+pYjk6Dp+6jHFCWGjx3BRDF3KyJDrDAxLqSSCyFYfHmZNM+qwWX14v68UrvJ4yjCERzDKQRwBTW4gzo0gICEZ3iFN097L9679zFvLXj5zCH8gff5A/yJkSA=</latexit>

hµ !

<latexit sha1_base64="FgB+GqmO4Ls7d75EoDLUf1/ey/I=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbicJePEiRDQLZMbQ0+lJmnT3DN09ShjyH148KOLVf/Hm39hZDpr4oODxXhVV9cKEM21c99vJLSwuLa/kVwtr6xubW8XtnbqOU0VojcQ8Vs0Qa8qZpDXDDKfNRFEsQk4bYf9q5DceqdIslvdmkNBA4K5kESPYWOnBT3rsCGW+EujuZtgultyyOwaaJ96UlGCKarv45XdikgoqDeFY65bnJibIsDKMcDos+KmmCSZ93KUtSyUWVAfZ+OohOrBKB0WxsiUNGqu/JzIstB6I0HYKbHp61huJ/3mt1EQXQcZkkhoqyWRRlHJkYjSKAHWYosTwgSWYKGZvRaSHFSbGBlWwIXizL8+T+nHZOyuf3p6UKpfTOPKwB/twCB6cQwWuoQo1IKDgGV7hzXlyXpx352PSmnOmM7vwB87nD5Bckeg=</latexit>

! , SM

<latexit sha1_base64="FgB+GqmO4Ls7d75EoDLUf1/ey/I=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbicJePEiRDQLZMbQ0+lJmnT3DN09ShjyH148KOLVf/Hm39hZDpr4oODxXhVV9cKEM21c99vJLSwuLa/kVwtr6xubW8XtnbqOU0VojcQ8Vs0Qa8qZpDXDDKfNRFEsQk4bYf9q5DceqdIslvdmkNBA4K5kESPYWOnBT3rsCGW+EujuZtgultyyOwaaJ96UlGCKarv45XdikgoqDeFY65bnJibIsDKMcDos+KmmCSZ93KUtSyUWVAfZ+OohOrBKB0WxsiUNGqu/JzIstB6I0HYKbHp61huJ/3mt1EQXQcZkkhoqyWRRlHJkYjSKAHWYosTwgSWYKGZvRaSHFSbGBlWwIXizL8+T+nHZOyuf3p6UKpfTOPKwB/twCB6cQwWuoQo1IKDgGV7hzXlyXpx352PSmnOmM7vwB87nD5Bckeg=</latexit>

! , SM
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Conclusions
• The pole inflation relies on a conformal coupling to 

gravity and a small quartic coupling of the inflaton, 
leading to successful & testable predictions.

• SM Higgs or PQ fields can be realized when the 
running quartic coupling for the inflaton remains 
small during inflation, restricting the inflaton 
couplings in the RG equations for SM and BSM.

• Axion kinetic misalignment set during the PQ pole 
inflation opens up a new window for axion DM 
with a small axion decay constant.

• Broken SO(1,N) isometry in Weyl gravity realizes 
the pole inflation and relates between Weyl 
photon mass and inflationary predictions. 


